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WOOD VERSUS METAL I N  AIRDLANE CONSTRUCTIObJ. * 
By HI Seehase. . 
In  the construction of important p a r t s  of a i r c r a f t ,  both ne ta l  
I and wood, as well a s  a combination of the  two have been used- Un- 
fortunately, the use of V?ood or  Metaln has often been determined 
by prejudice i n  favor of the one o r  the other known type, and t h i s  
method of s e t t l i n g  the  matter i s  l i k e l y  to  hamper i n  no small degree 
the fur ther  development of a i r c r a f t  construction. The aim of t h i s  
a r t i c l e  i s  to  present,  i n  broad out l ine,  a s c i e n t i f i c  method f o r  
solving the problem, ItTfood or  Metal. It w i l l  a lso be shomn that  
s t ruc tura l  rnethoc?~ have by no means reached t h e i r  f i n a l  perfection, 
but a r e  s t i l l  capa'ole of great improvement. 
In  order t o  decide on the  merits of the  verigus methods of con- 
struction,  it i s  necessary t o  bow the strength of the material used, 
The Theory of the  Strength of Naterials  gives cer ta in  character is t ics  
referred to  a given u n i t  of area, as, f o r  instance, 45 kg/vm2 
-- 
(64000 lb / in2) ,  fo r  the  ult imate t e n s i l e  strength of so f t  s teel .  
In  comparing these figures, t e s t  bars of l i k e  cross-section an$ 
length a re  therefore assumed, the weights of which d i f f e r  greatly, 
according to  t h e i r  specific gravity, I n  order to  take in to  account 
the  influence of specific gravity, we have divided the.  strength by 
the specific gravity, thus obtaining the modulus of rupture. These 
derived character is t ics  a re  of l i t t l e  value i n  judgiilg the worth of 
-. 
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1 
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construction materials, since they only apply t o  a cer tain degree of 
loading. We may get a clear idea of the strength of materials i n  
re la t ion  to specific graviey by tracing a graph showing the numerical 
characterist ics of rods of equal weight and length. These rods a re  
of pine, duralumin, cast  iron, and sof t  steel. A cross-section of 
each i s  shown in  Fig. '1. The hezvy l ines  to  the r ight  of the cross- 
sections indicate the i r  relatitre areas, and bring out the differences 
betneen them more clearly,  thus showing the superiority of l ight-  
I 
, weight materials for  par ts  subjected to  heavy local stresses. 
I The elongation diagrams of these rods-of equal weight are shown 
i n  Fig. 2. The two values given for  the wooden rod (20 mm i n  diame- 
t e r  by 200 m in  length) (.79 x 7.87 in . ) ,  are  fo r  selected, first- 
qual i ty  pine. The elongation of the metal rods was computed for a 
length of 200 mm (7,87 in.) ,  taking into account the r a t i o  of diame- 
t e r  to  length. These diagrams show clearly and a t  a gl8nce the reac- 
t ion  of construction materials to any degree of s t ress* This method 
holds many surprises for  those accustomed to  computing with the .fig- 
ures given by the Theory of the Strength of IJaterials. A wooden rod 
for instance, i s  five times as strong as  one of soft  s tee l  and ten 
times as strong a s  one of cast  iron. Even the best  hard-dram s tee l  
with a strength of 220 kg/mma (313000 lb / in2)  (tension mire) does not 
a t t a i n  the strength of the wooden rod. The extreme l i m i t s  of the 
Gifferent kinds of s t ee l  a re  given by z:.;.o? I, of high ciuz+.' i t y ,  and 
Steel 5, a special s t ee l  morked up to  the condition of greatest 
'% 
strength. 
1 Duralumin comes within these l i m i t s .  In the form i n  mhich it i s  
used f o r  tubes, e tc ,  I t  has considerable strength and dxct i l i ty .  
. 
I t s  d u c t i l i t y  i s  much increased by annealing,* while i t s  strength 
renains about the same. Durslumin d i f f e r s  greatly tkersf ore frcm 
s tee l ,  the d u c t i l i t y  of mhich i s  always reeuced by ternpsring. 
liYhile these phenomena have been thorrougkly .investiga,ted i n  s t e e l  
and $36 me11 known i n  a l l  s t e e l  plants,  they have not yet  been suf- 
f i c i e n t l y  investigated i n  duralurnin- If a simple and uniform method 
of annealing duralurnin should be discovered and one could count on 
the r e s u l t  being permanent, t h i s  meta.1 ~ o u l d  rapidly come into use 
for  p a r t s  subject to  high s t resses .  
In Fig. 2 me also see tha t  rods made of rcaterfal having, accord- 
ing t o  the Theory of Strength of Materials, a high modulcs of elas- 
1 1 1 t i c i t y  (a = C, sood 000 , d-ur r l~u in  moo, 000  s t e e l  
1 
30,000,000 , give surpri  singly small elongations. The elongat ions 
- 
uncier a load of 520 kg (1146 l b )  a re  shown i n  Fig. 3. The mooden rod 
1 has l e s s  elongation than the metal rods, while rod W2 has more* 
The rods of the same-.weight, mhich are  here examined, give approxi- 
mately the same elongation f o r  the same load. 
I n  compression t e s t s  a l so  it i s  very instructive t o  compare t e s t  
rods of the same weight* In  FigL 4, the curves of pressure and elon- 
gation are  given only for  such materials a s  behave d i f fe rent ly  under 
t ens i l e  and compression s t ressss .  The elorgation curves of Fig, 2 ,  
e re  a l so  drawn i n  Fig- 4, f o r  f a c i l i t y  of con~parison, A comparison 
of these bodies having t e n s i l e  and pressure s t resses  proportional to  
t h e i r  cross-sections can, however, only be carried to  the l i m i t  of 
compression, For the elongation, a larger  u n i t  of measure mas chosen 
fo r  the sake of clearness. TQe test-. specimens here used have the 
-
- 
* Technische Berichte, Vol,III, No-6, gives d e f i n i t e  data on the 
r a t i o  of length t o  cross-section. 1 = 11,3 i s  assumed. 
sane cross-sections a s  the ones in Figv  2 ,  cheir  length  being 2;) am 
1,79 i n , ) .  
The l i n e  drawn under the above elor_g;+-5ion diagrams corresponds 
t3 the  force exper,d:ed I n  chacging tnti ahape. In Fig. 5, t h i s  i s  
shown for  the t e n s i l e  t e s t s  of each of the  rods of eqcal t.re?ght, 
The previously considered t e n s i l e  and elongation cxrves and the 
potent ia l  power oiily hold f o r  re la t ive ly  small r a t e s  
of deformation, such a s  a re  usually employed i n  laboratory strength 
t e s t s .  With sudden s t resses ,  such a s  occur under actual  vorking 
conditions, other values w i l l  be found. I n  one of my previous pa- 
pers* d e t a i l s  mere given on the deterrni:ls..tion of dl.agrams of pres- 
sure and elongation and the force required f o r  the a l t e ra t ion  of 
r 
- 1  of form under impact, Bith an impact of the duration o f  0.0015 
second, fo r  instance, the pomer absorbed f o r  sof t  s t e e l  was 24% 
more than i n  an impact lasizing 1200 seco?dsu For brass,  the s t r e s s  
vas lower under impact than i n  slovr deformation, With t h i s  alloy, 
the power of res is tance also diminished with increased rapidi ty  of 
s t ress -  The potent ia l  energy indicated 3 . 3  Fig, 5 f o r  duralumin 
(especial ly  i f  annealed) a 4 1 1  probably be smaller i n  dynanic stresses.  
For a more accurate judgment concerning material t o  be used i n  
highly stresse& airplane pa.rts, we must also know i t s  poner of re- 
sistance under s t a t i c  and dynamic impacto Such discu-ssion i s  out- 
side the l i m i t s  of t h i s  paper. For the furtherance of airplane con- 
struction,  sc i en t i f i c  research on the s t i l l  obscure ~ rob lem of the 
* B. Seehase: "Experimental analyses of impact a-nd t h 9  determination 
of deformation vrork i n  inqact t e s t s ,  i n  Forschcngsa,r3eiten Ces 
Vereins deutscher Ingenieure, No, 182- 
I 
i f'. e f fec t s  of impact on bodies of equal aeig'il-5 i s  urgently needed.) 
I In order t o  obtain the material most sui table  f o r  a given 
problem i n  construction, it mst be chc~3-n i n  accordance with the 
pr inciples  indicated above. The sucoeee of the construction, be it 
metal o r  wood, depends largely on whether the material has been 
properly prepared, i n  view of i t s  special  propert ies end of the  I 
strength required. Some vrooden airplznes get rapidly out of shape 
under the influence of dampness, while others a r e  scarcely affected.  
Highly stressed metal p a r t s  may eas i ly  f a i l  under the s t r e s s  
of forces variously applied, if such forces exceed a cer ta in  l i m i t ,  
even though t h i s  l i m i t  be far below tha t  obtained i n  s t a t i c  t e s t s .  
These s t r e s s  l i m i t s  a r e  usually ascerteined by means of a single 
, 
calculation of the  theory of strength which does not take into  ac- 
; count the  temporary extension of  the  engendered pressures.. Pres- 
sure i n  any material spreads with the velocity of sound peculiar 
t o  t h a t  material, Hence the  reaction a r i s i n g  from change of cross- 
section may cause a doubling of the  tension- Also, sup~lementary 
forces not previously calculated may a r i s e  i n  consequence of the 
phenomena of resonance and, since the bending osc i l la t ions  due to  
resonance causs great c h a w  of form, they a re  eas i ly  recognized 
and eliminated, There are,  however, similar vibrations due to ten- 
s i l e ,  pressure, and torsion s t resses ,  which do not cause any great 
. change i n  shape. 
! 
It i s  known tha t  var ia t ion of engine. porer, if coinciding w i t l a  
the natural  vibration o f  any s t ructural  member of the  airplane, 
+ ( s t r u t ,  spar section, or  the mhole wing), m i l l  give r i s e  to  such 
I - j 1 disturbances. Since we can make no @;reat change i n  the revolution 
i 
speed of the engine, nor i n  the  direct ion of pressure, vibrations : 
. 
due t o  resonance can only be eliroinated Sy s t ruc tura l  aodifications* 
Wood seems to  be l e a s t  affected by these Barmful vibrations,  mhile 
metal i s  much more sensi t ive  t o  them. Sccording to  experiments thus 
f a r  made, very duc t i l e  s t e e l s  a r e  be t t e r  i n  t h i s  respect than high 
I 
res is tance steels.  
I n  choosing the matgrial fo r  construction, the  f a c i l i t y  of re- 
p a i r s  mst be considered, It m i l l  ce r ta in ly  be an advantage, if 
material for  repa i rs  can be found anythere and i f  airplanes a re  so 
constructed tha t  they can be quickly and e f f i c i e n t l y  repaired on 
the spot by ordinary -methods. 
\ 
The foregoing discussion was intended t o  s h o ~  how t o  get an 
7 objective conception of the problem of xood o r  metal airplane con- 
struction,  Important differences between t'ne materials  h a ~ e  been 
eiscussed from new points of view, It i s ,  of course, impossible t o  
deal  exhaustively with these methods of research within the l i m i t ' s  
of t h i s  paper, fur ther  research work being necessary, i n  order to  
extend and complete them* This cursory com2ari son may a l s o .  have 
shown that  the methods of construction h i ther to  employed a re  capa- 
b le  of improvement. Ir t h i s  co-mection, I will describe a new 
method of s t ee l  construct;ion t r i e d  out by t s e  Sa3latnig Aircraft  
Constact ion Company, of Berlin. A charac ter i s t ic  property of s t e e l  
i s  t h a t  i ts  strength i s  considerably increased by cold treatmen* 
( ro l l ing ,  drawing, and hamering).  Hard-drawn, seamless s t e e l  %ubes 
have a strength of about 50 kg/m2 (71000 lb/ in2) .  This drops to  
about 27 kg (59.5 l b )  - a loss  of 46% - if the tube i a  subjected to 
s e a t  heat as, for  instance, i n  autogenou~ =sldixlg. Hitherto, in  
a i r c r a f t  construction, we have had to  make the best  of t h i s  drmr- 
back, since riveting i s  too complicated and is, moreover, unsuitable 
for some of the parts. The harmful effect  of heat i n  joining struc- 
tu ra l  parts can, however, be avoided. Fig. 6 shows a tube melded 
by the new method. The ends of the tube are cut obliquely an6 the 
joint . i s  bridged over by a p la te  of sheet metal which i s  also cut 
diagonally, the sloping edge running para l l e l  t o  the slope of the 
joint, and extending into it a short distance. The \p la te  and tube 
are welded i n  the usual way, and the par ts  of the tube which do not 
need-to come into contact with the flame are  effectually protected 
by a shield. Fig, 7 shows how t h i s  &s done. When the welding i s  
completed, we see that the characterist ic color of tempering (indi- 
cated by cross-hatch l ines  on the figurz) extends only a very l i t t l e  
distance on either side of the weld, showing that  the protection 
was effective. I t s  color indicates the tempera,ture. I f  we now ex- 
amine the cross-sections shown i n  Fig. 6, me shal l  see that  some 
parts  of the wall of the tube have been annealed, while other par ts  
s t i l l  have the original degree of hardness imparted to  them by cold 
treatment. The annealed par ts  are shown by htching,  while the 
par ts  unaffected by the hea%,..are,shown i n  black. Since the heated 
zone i s  confined to  the immediate vicini ty of the weld and the joint 
i s  strengthened by the s t r i p  of sheet metal, the strength of  the 
tube i s  pract ical ly unimpaired. The very small annealed zone of 
cross-section 2 ( a t  the  end of the  jo in t ) ,  which i s  not reinforced, 
is  reduced to  a minimum i n  comparison mith the unannealed part .  
The welded port ions theref ore  consist  of well-annealed, tough s t e e l  
of high duc t i l i t y ,  vhich gradually increases i n  strength, a s  the  
annealed par t  i s  traversed, t o  the value of the  cold-treated s teel .  
A l l  the  obj ections formerly urged against t h i s  s o r t  of welding a r e  
thus eliminated, so tha t  it i s  now possible to  meld highly stressed 
s t e e l  pa r t s  without lessening t h e i r  or ig ina l  strength arid a l l  the 
various forms of joints  can be used which make f o r  l i g h t  weight. 
The pa r t s  manufactured i n  t h i s  way a r e  the same as though cast  i n  a 
s ingle  piece. T h i s  method of constNct ion has been described here 
a s  applied to  the  welding of tubes of equal diameter, but  it can be 
extended, a s  required, t o  other structural problems. 
In  order t o  thoroughly t e s t  out t h i s  method of construction, a 
speclal  experimental airplane was b u i l t  i n  which a l l  the important 
p a r t s  (fuselage, landing gear, spars of the  canti lever nings and 
t a i l  planes) were made by the method above described. This small 
airplane i s  shown i n  Fig. 8. I t  i s  equipped r i t h  a 50 HP Siemens 
engine, i s  a two-seater, and can carry f u e l  for  a f l i g h t  of f ive  
hours. Its speed i s  125 km/h (77.67 M.P.H.). 
The wing has two spars made of welded s t e e l  tubing, the r i b s  
being made of duralumin tubing. The joints  a re  welded as shom i n  
Fig. 6, the ribs being joined to the spars a s  shom i n  Fig. 9. The 
end of each cross-rib i s  f la t tened  and welded to  the spar, both 
sides of the  weld being protected by a piece of sheet metal. The 
par t s  affected by the heat a re  distinguished from the hard par ts ,  a s  
i n  Fig.  5. Fig. 10 gives a view of the semi-spar. I t s  asoect 
r a t i o  (depth : half  length) is 1 : 18.5. The two following f igures  
show the joints  of the fuselage modified by the new method of con- 
struction. In Big. 11 i s  showL? a sol id  forged connecting piece 
welded to  raciiating tubes. Fig. 12 shows a longeron, passing Uil- 
vreakened -blirough a joint  and- releed t o  the angle tubes by means of 
e, longitudinal sleeve. The sleeve has here t'ne e f fec t  of reinforc- 
ing  the  cross-section i n  glace of a joint-plate. 
The retention of the  strength a t  a jo in t  i s  of great import- 
ance, for  e very s l igh t  def lect ion a t  t h i s  point (iihich nas..rina- 
void3ble with the  old method of welding) has c~.used premature f a i l -  
ure of the longeron. The method of bracing with turnbuckles and 
eyelets  i s  very l i a b l e  to  cause a breakdourn. Under the heavy bend- 
ing stressea occurring in  curved f l i g h t  such eyelets  are l i a b l e  t o  
give way. This d i s a d ~ ~ n t a g e  is avoided by the new method of brac- 
ing shorn i n  Fig. 13, vhich z l in ina tes  the harmful bending stresses.  
This device i s  much l igh te r  and about half  the length of the  \ brae- 
ing device formerly used-. The nipples a r c  of the standarclized type 
used i n  automobile cons t r~c t ion .  
The fuselage and wings of t h i s  a i rylene ve.re subjected t o  break- 
ing t e s t s  i n  the usuz,l nay. The longeron of t h e  fuselage with i t s  
r e l a t ive ly  great length, yielded unif ornly ' i l~~oughout i s  whole 
length, instead of breaking v i th in  a single conprassion bay as  usu- 
~ . l l y  hap~ens ,  thus proving i t s  strength to  be uniml~aired by the 
joints.  
i Under the p r e s s u e  of the  breaking load, t>e tubes forming the 1 wing spars gave way near the points  of asserzblage. The calculated 
I 
I 
I breaking load was 50 kg/mm% A sectior, of equal length and diame- 
'1 
I t e r  taken from the tube near the  point of ~ u p t u r e .  and tested, gave 
I 
a strength of 51 kg/mm2 (71000 lb/ in2) .  This s l i g h t  difference of 
j 27% l i e s  within the l i m i t s  of error.  A similar  tube, annealed, had 
1 
a strength of only 30 kg/m2. (42670 lb/in2 ) It i s  therefore proved 
I 
t ha t  a i rplsne p a r t s  subject to  heavy s t resses  can be made by autog- 
enous welding without f ea r  of t h e i r  strength being impaired by the 
heat. Since tubes of hard-drawn s t e e l  have a strength of 51 kg/mm2 
(72540 lb / in2)  (68% higher than those of anxealed s t ee l ,  30 kg/mm2), 
much weight can be s2ved. 
After the breaking t e s t ,  the  airplane was rebuil t .  The rup- 
tured pa r t s  ?rere replaced by welding and others by the method just  
described. Although a considerable arxount of repairing had to  be 
done, it mas a l l  accomplished very rzpidly and easily. The possi- 
b i l i t y  of carrying out repa i rs  easily and without the complicated 
machinery of a large factory would be of great  advantage to  air 
t r a f f i c .  
Translated by Par i s  Off ice, 
National Advisory Cornnittee 
for  Aeronautics. 
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